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© Petroleum stream microwave watercut monitor. 

© A microwave watercut monitor includes a test 
cell having a petroleum stream flowing through it 
while permitting the microwave energy to enter the 
test cell. A microwave source provides microwave 
energy to a circulator which in turn provides the 
microwave energy to an antenna. The antenna pro- 
vides the petroleum stream in the test cell with the 
^microwave energy and receives reflected microwave 
^energy back from the stream. The reflected micro- 
wave energy is provided by the antenna to the 
00 circulator which in turn provides the reflected micro- 
j^wave energy as test microwave energy. Indicator 
^apparatus provides an indication of the watercut of 
CO the petroleum stream in accordance with the phase 
q difference between the source provided microwave 
energy and the test microwave energy. In one em- 
jjjbodiment a detector assembly is connected to the 
circulator and detects the intensity of the test micro- . 
wave energy to provide a corresponding intensity 



signal. 

The indicator apparatus is connected to the cir- 
culator to the microwave source and to the detector 
assembly to provide an indication of the watercut in 
accordance with the intensity signal and the phase 
difference between the source provided microwave 
energy and the test microwave energy. 
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PETROLEUM STREAM MICROWAVE WATERCUT MONITOR 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to petroleum 
stream monitors in general and, more particularly, 
to petroleum stream watercut monitors. 

SUMMARY OF THE INVENTION 



The petroleum stream watercut monitor in- 
cludes a test cell having a petroleum stream flow- 
ing through it. A microwave transmitter provides 
microwave energy through an antenna with, in 
some embodiments, an isolator therebetween. The 
antenna irradiates the test cell with the microwave 
energy so that the microwave energy enters the 
test cell and is reflected from the petroleum stream 
back to the antenna. A circulator connects the 
transmitter to the antenna through isolator means, 
when provided, and receives from the antenna 
again through the isolator, when provided, the re- 
flected microwave energy to provide test micro- 
wave energy. Alternatively the test microwave en- 
ergy may be microwave energy passed through 
the test cell and received by a second antenna. An 
indicator provides an indication of the watercut of 
the petroleum stream in accordance with the phase 
difference between the transmitted microwave en- 
ergy and the test microwave energy. 

In further embodiments a co-variance micro- 
wave water cut monitor includes a test cell having 
a petroleum stream flowing through it while permit- 
ting the microwave energy to enter the test cell. A 
microwave source provides microwave energy to a 
circulator which in turn provides the microwave 
energy to an antenna. The antenna provides the 
petroleum stream in the test cell with the micro- 
wave energy and receives reflected microwave en- 
ergy back from the stream. The reflected micro- 
wave energy is provided by the antenna to the 
circulator which in turn provides the reflected mi- 
crowave energy as test microwave energy. A de- 
tector assembly connected to the circulator detects 
the intensity of the test microwave energy and 
provides a corresponding intensity signal. Indicator 
apparatus connected to the circulator to the micro- 
wave source and to the detector assembly provides 
an indication of the water cut of the petroleum 
stream in accordance with the intensity signal and 



the phase difference between the source provided 
microwave energy and the test microwave energy. 

In another embodiment there is a second an- 
tenna which receives microwave energy that has 

5 passed through the petroleum stream and provides 
the received microwave energy as the test micro- 
wave energy. The detector assembly is connected 
to the second antenna and again provides an inten- 
sity signal corresponding to the intensity of the test 

w microwave energy. Similarly the indicator appara- 
tus is also connected to the second antenna in- 
stead of the circulator and provides the indication 
of the water cut of the petroleum stream in accor- 
dance with the intensity signal and the phase dif- 

75 ference between the source provided microwave 
energy and the test microwave energy. 

The objects and advantages of the invention 
will appear more fully hereinafter, from a consider- 
ation of the detailed description which follows, tak- 

20 en together with the accompanying drawings 
wherein two embodiments are illustrated by way of 
example, it is to be expressly understood, however, 
that the drawings are for illustrative purposes only 
and are not to be construed as defining the limits 

25 of the invention. 

DESCRIPTION OF THE DRAWINGS 

30 

Embodiments of the invention will now be de- 
scribed by way of example and with reference to 
the accompanying drawings, in which 

Figure 1 is a combination simplified block 
35 diagram and a schematic of a watercut monitor 
constructed in accordance with the present inven- 
tion; 

Figure 2 is a side elevation of an isolator of 
the apparatus of Figure 1 ; 
40 Figure 3A is a side elevation of one of the 

wave guides forming the isolator of Figure 2; 

Figure 3B is a front elevation of the wave 
guide of Figure 3A; and 

Figure 4 is a partial simplified block diagram 
45 of a microwave water cut monitor according to a 
second embodiment. 

DESCRIPTION OF THE INVENTION 

50 

The water cut monitor shown in Figure t in- 
cludes a microwave source 3 providing electromag- 
netic energy, hereinafter referred to as microwave 
energy, at a microwave frequency. Source 3 is low 
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powered and may use a microwave gun source. 
Source 3 provides microwave energy to directional 
coupler 4. Directional coupler 4 provides micro- 
wave energy to a conventional type voltage con- 
trolled phase shifter 5 and to a circulator 8. All 
conductance or carrying of microwave energy is 
accomplished by using conventional type 
waveguides and coaxial cable. 

Circulator 8 provides microwave energy to an 
antenna 9 which has, in this embodiment an isola- 
tor 1 2 interconnecting antenna 9 which has, in this 
embodiment, an isolator 12 interconnecting anten- 
na 9 to circulator 8. Antenna 9 transmits or radiates 
the microwave energy through a sample stream of 
a fluid mixture passing through a test cell 10. Test 
cell 10 may be a portion of a pipeline with 
"windows" made of material which permits pas- 
sage of the microwave energy or it may be a 
portion of the pipeline made of the "window" ma- 
terial. The transmitted microwave energy passes 
through the fluid mixture and is received by an 
antenna 14 which provides the received microwave 
energy to a switch means 20. 

The fluid mixture also reflects some of the 
microwave energy back to antenna 9 which passes 
back through antenna 9 to circulator 8. Circulator 8 
blocks the reflected microwave energy from feed- 
ing back to source 3 and provides the reflected 
microwave energy to switch means 20. Reflected 
microwave energy becomes more important as the 
distance between antennas 9 and 14 increases. 
This is especially true where a large pipeline carry- 
ing the fluid mixture is being monitored. 

A positive direct current voltage +V is pro- 
vided to a switch means 24 which is connected to 
switch means 20. With switch means 24 open, 
switch means 20 provides microwave energy from 
antenna 14 as test microwave energy. When switch 
24 is closed, the reflected microwave energy from 
circulator 8 is provided by switch means 20 as the 
test microwave energy. 

The microwave energy from voltage control 
phase shifter 5, hereinafter called the reference 
microwave energy, and the test microwave energy 
from switch 20, are provided to a mixer 28 which 
mixes them to provide two electrical signals E1, 
E2, representative of the phases of the reference 
microwave energy and the test microwave energy. 

A differential amplifier 30 provides an output 
signal E0 in accordance with the difference be- 
tween signals E1 and E2. Signal E0 is a function of 
the phase difference between the reference micro- 
wave energy and the test microwave energy. Sig- 
nal EO may be applied to an indicator in which the 
amplitude of E0 will be representative of the phase 
difference or as shown in the present example may 
be provided to a feedback network 34. Feedback 
network 34 provides a control voltage C to voltage 



control phase shifter 5 controlling the phase of the 
reference microwave energy. Signal E0, and hence 
the control voltage C, decreases in amplitude until 
there is substantially 90 ' phase difference between 
s the reference microwave energy and the test mi- 
crowave energy. Voltage control phase shifter 5 
indicates the amount of phase shift required to 
eliminate the phase difference. 

With reference to Figure 2, there is shown 
70 isolator 12. Isolator 12 is used to protect an area 
adjacent test cell 10 from potential explosions. This 
unsafe area, which may be of any size, is shown in 
Figure 1 by dashed line 40. 

The possibility of an explosion arises since 
75 many of the energy controlling components of the 
watercut monitor are made of metal for optimal 
microwave transmission. As such, all energy gen- 
erated in the watercut circuits could be conducted 
to antennas 3 and 14. Under normal operating 
20 conditions, energy is limited to safe levels not 
capable of causing an explosion. In the event of 
accident or misuse of the watercut monitor much 
higher energy and energy of non-microwave fre- 
quencies could be applied to antennas 9 and 14. 
2s isolators 12 and 18 isolate antennas 9 and 14 

from the buildup voltages that may occur on any of 
the other elements and thus protect them from 
arcing and causing an explosion. 

Isolator 12 is made up of two identical wave 
30 guides 44 which is shown in Figures 3A and 3B. 
Wave guides 44 include mounting flanges 48, a 
guide element 52, insulators 57 and a metal jack 
60. Metal jack 60 is isolated from the wave guide 
52 so that any voltage buildup on jack 60 does not 
35 appear on guide element 52. As can be seen in 
Figure 3B, the RF energy aperture is identified by 
the numeral 65. It should be noted that although 
isolator 12 is shown with both jacks 60 facing 
downward it is obvious to one skilled in the art that 
40 one of the wave guides 44 may be reorientated 
180* without loss of cross-sectional area of ap- 
erture 65, if it is so desired to do so. 

The present invention has been described as 
being used with a water cut monitor of the type 
45 described and disclosed in U.S.P. 4,499,418, but it 
may also be used in either situation where a water 
cut monitor uses microwave energy singularly ei- 
ther as a direct passthrough type of measurement 
or in another configuration as a reflected micro- 
so wave energy configuration. 

The embodiment shown in Figure 4 is a modi- 
fication of the apparatus shown in Figure 1. The 
same parts have been given the same reference 
numerals in Figures 1 and 4. The description of 
55 this embodiment will be restricted to the modified 
portions of the apparatus of the Figure 4 embodi- 
ment. 

In the Figure 4 embodiment the switch means 
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20 provides test microwave energy to a directional 
coupler 18. Directional coupler 18 provides the test 
microwave energy to a detector 22 as well as to 
mixer 28. Detector 22 provides a signal E3 cor- 
responding to the intensity of the microwave en- 
ergy received by antenna 1 4. Feedback network 34 
provides signal C to voltage control phase shifter 5,- 
controlling the phase of the reference microwave 
energy, and also to a mini-computer means 40. 
Signals E3 and C are provided to mini-computer 
means 40 which contains within it memory means 
having data related to phase and amplitude for 
various percentages of water cuts that could be 
encountered in the production stream. Phase Shift- 
er 5 also provides an enabling signal to computer 
means 40 allowing computer means 40 to utilize 
signals C and E3 to select the proper water cut 
value computer means 40 provides signals, cor- 
responding to the selected water cut value, to 
readout means 41 which may be either digital 
display means or record means or a combination 
of the two. 



Claims 

1 . A petroleum stream microwave watercut 
monitor comprising: 

test cell means for having a petroleum stream 
flowing through it while permitting microwave en- 
ergy to enter the test ceil means, 
source means for transmitting microwave energy, 
antenna means for irradiating the stream flowing in 
the test cell means with microwave energy and for 
receiving reflected microwave energy back from 
the stream in the test cell means, 
circulating means connected to the source means 
and to the antenna means for providing the micro- 
wave energy from the source means to the antenna 
means and for providing reflected microwave en- 
ergy from the antenna means as test microwave 
energy, and 

indicator means for providing an indication of the 
watercut of the petroleum stream in accordance 
with the phase difference between the transmitted 
microwave energy and the test microwave energy. 

2. A monitor as claimed in claim 1 including 
isolator means connected to the antenna means for 
passing microwave energy to and from the antenna 
means while isolating the antenna means from ex- 
traneous energies that may arise in the water cut 
monitor so as to prevent an accidental explosion 
due to those extraneous energies. 

3. A petroleum stream microv/ave watercut 
monitor comprising: 

test cell means for having a petroleum stream 
flowing through it while permitting microwave en- 
ergy to pass through the test cell means, 



source means for transmitting microwave energy, 
first antenna means for irradiating the stream flow- 
ing in the test cell means with microwave energy 
from said source means, 
5 second antenna means for receiving microwave 
energy that has passed through the stream flowing 
in the test cell means to provide received micro- 
wave energy, and 

indicating means for providing an indication of the 
10 watercut of the petroleum stream in accordance 
with the phase difference between the transmitted 
microwave energy and the received microwave en- 
ergy. 

4. A monitor as claimed in claim 3 including: 

75 first isolating means connecting the source means 
to the first antenna means for passing microwave 
energy to the first antenna means while isolating 
the first antenna means from extraneous energies 
that may arise in the water cut monitor so as to 

20 prevent an accidental explosion due to those ex- 
traneous energies, 

second isolating means connected to the second 
antenna means for passing received microwave 
energy from the second antenna means while iso- 
25 lating the second antenna means from extraneous 
energies that may arise in the water cut monitor so 
as to prevent an accidental explosion due to those 
extraneous energies. 

5. A petroleum stream microwave watercut 
30 monitor comprising: 

test cell means for having a petroleum stream 
flowing through it while permitting microwave en- 
ergy to enter the test cell means, 
source means for providing microwave energy, 

35 antenna means for providing the petroleum stream 
flowing in the test cell means with microwave en- 
ergy and for receiving reflected microwave energy 
back from the stream in the test cell means, 
circulating means connected to the source means 

40 and to the antenna means for providing the micro- 
wave energy from the source means to the antenna 
means and for providing reflected microwave en- 
ergy from the antenna means as test microwave 
energy, 

45 detector means connected to the circulating means 
for detecting the intensity of the test microwave 
energy and providing an intensity signal corre- 
sponding thereto, and 

indicator means connected to the circulating 
so means, to the source means and to the detector 
means for providing an indication of the watercut of 
the petroleum stream in accordance with the inten- 
sity signal and the phase difference between the 
source provided microwave energy and the test 
55 microwave energy. 

6. A petroleum stream microwave watercut 
monitor comprising: 

test cell means for having a petroleum stream 
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flowing through it while permitting microwave en- 
ergy to enter the test cell means, 
source means for providing microwave energy, 
first antenna means connected to the source 
means for irradiating the petroleum stream flowing 
in the test eel! means with microwave energy, 
second antenna means for receiving microwave 
energy that has passed through the petroleum 
stream and providing it as test microwave energy, 
detector means connected to the second antenna 
means for detecting the intensity of the test micro- 
wave energy and providing an intensity signal cor- 
responding thereto, and 

indicator means connected to the second antenna 
means, to the source means and to the detector 
means for providing an indication of the watercut of 
the petroleum stream in accordance with the inten- 
sity signal and the phase difference between the 
source" provided microwave energy and the test 
microwave energy. 

7. A monitor as claimed in any one of claims 1- 
4 in which the indicator means further comprises: 

a voltage controlled phase shifter receiving the 
transmitted microwave energy from said source 
means for phase shifting the transmitted microwave 
energy in accordance : with phase shift signal to 
provide a reference microwave energy and for pro- 
viding an indication of the above phase shift, and 
phase shift signal means receiving the reference 
microwave energy and the received microwave en- 
ergy for providing the phase shift signal to the 
phase shifter until there is substantially a 90 
phase difference between the reference microwave 
energy and the received microwave energy at 
which time the phase shifter's indicated phase shift 
corresponds to the water cut of the petroleum 
stream. 

8. A monitor as claimed in claim 5 or claim 6 in 
which the indicator means further comprises: 

a voltage controlled phase shifter receiving the 
microwave energy from said source means for 
phase shifting the source provided microwave en- 
ergy in accordance with a phase shift signal to 
provide a reference microwave energy and to pro- 
vide an enabling signal when the phase shifting is 
completed, and 

phase shift signal means receiving the reference 
microwave energy and the test microwave energy 
for providing the phase shift signal to the phase 
shifter until there is substantially a 90* phase dif- 
ference between the reference microwave energy 
and the test microwave energy at which time the 
phase shifter's indicated phase shift corresponds to 
the water cut of the petroleum stream. 

9. A monitor as claimed in claim 7 or claim 8 in 
which the phase shift signal means includes: 
mixer means connected to the circulating means 
for mixing the reference microwave energy from 



the phase shifter with the reflected, or received, 
microwave energy to provide two signals repre- 
sentative of the phases of the reference microwave 
energy and the reflected, or received, microwave 

5 energy, and 

a differential amplifier connected to the mixer 
means for providing an output signal in accordance 
with the difference between the two signals from 
the mixer means, and 

to a feedback network connected to the phase shifter 
and to the differential amplifier which provides the 
phase shift signal in accordance with the output 
signal. 

10. A monitor as claimed in claims 8 and 9 in 
;s which the indicator means further includes: 

water cut means connected to the phase shifter, to 
the detector means and to the phase shift signal 
means and responsive to the enabling signal from 
^ p{~ fSSS shifter for determining the water cut of 
20 the petroleum stream in accordance with the inten- 
sity signal and the phase shift, and providing water 
cut signals corresponding thereto. 

11 . A monitor as claimed in claim 10 in which 
the indicator means further includes: 
25 read-out means connected to the computer means 
for providing a read-out of the selected water-cut 
value in accordance with the water cut signals from 
the computer means. 

12. A monitor as claimed in claim 2 or claim 4 
30 in which the. or each, isolator means includes 

first port means for receiving microwave energy to 
and from the circulating means, 
second port means for providing microwave en- 
ergy, 

35 first insulator means for providing electneal insula- 
tion, 

second insulator means for providing electrical in- 
sulation, and 

body means having an internal passageway and 
40 connected to the first and second port means and 
to the first and second insulator means in a pre- 
determined manner for conveying microwave en- 
ergy from the first port means to the second port 
means while providing isolation such that any ex- 
45 traneous energy appearing on one port means is 
not conducted to the other port means. 

13. A petroleum stream microwave watercut 
monitoring method comprising the steps of: 
providing microwave energy from a source, 

so using antenna means to provide a petroleum 
stream with the microwave energy from the source, 
receiving reflected microwave energy back from 
the petroleum stream with the antenna means, 
using circulator means connected to the source 

55 and to the antenna to provide the microwave en- 
ergy from the source means to the antenna means 
and to provide the reflected microwave energy 
from the antenna means as test microwave energy, 
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detecting the intensity of the test microwave en- 
ergy, 

providing an intensity signal corresponding to the 
detected intensity of the test microwave energy, 
and 

providing an indication of the watercut of the petro- 
leum stream in accordance with the intensity signal 
and the phase difference between the source pro- 
vided microwave energy and the test microwave 
energy. 

14. A petroleum stream microwave watercut 
monitoring method comprising the steps of: 
providing microwave energy with a source, 

first antenna means connected to the source 

means for providing the petroleum stream flowing 

in the test cell means with microwave energy from 

the source with first antenna means, 

receiving microwave energy that has passed 

through the petroleum stream with second antenna 

means, 

providing the received microwave energy as test 
microwave energy, 

detecting the intensity of the test microwave en- 
ergy, 

providing an intensity signal corresponding to the 
detected intensity of the test microwave energy, 
and 

providing an indication of the watercut of the petro- 
leum stream in accordance with the intensity signal 
and the phase difference between the source pro- 
vided microwave energy and the test microwave 
energy. 

15. A method as described in claim 13 or claim 
14, in which the indicator step further comprises: 
phase shifting the source provided microwave en- 
ergy in accordance with a phase shift signal to 
provide a reference microwave energy, 
providing an enabling signal when the phase shift- 
ing is completed, and 

providing the phase shift signal until there is sub- 
stantially a 90° phase difference between the ref- 
erence microwave energyand the test microwave 
energy. 

16. A method as described in claim 15 in 
which the phase shift signal step includes: 
mixing the reference microwave energy with the 
test microwave energy to provide two signals re- 
presentative of the phases of the reference micro- 
wave energy and the test microwave energy from 
the circulating means, 

providing an output signal in accordance with the 
difference between the two signals from the mixer 
step, and 

providing the phase shift signal in accordance with 
the output signal. 

17. A method as described in claim 16 in 
which the indicator means further includes: 
determining the water cut of the petroleum stream 



in accordance with the intensity signal and the 
phase shift signal, and 

providing water cut signals corresponding to the 
determined water cut. 

18. A monitor as described in claim 17 in 
which the indicator step further includes: 
providing a read-out of the selected water-cut value 
in accordance with the water cut signals. 
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